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TECHNICAL REPORT SUMMARY 

Program Objectives 

The objective of this research program was development of finite element 

procedures to predict stresses, deformations and progressive failure of rock associ- 

ated with underproiind excavations.    For applicibility to arbitrary sequence of exca- 

vation operations, it was necessary that the procedures developed allow for arbitrary 

Initial stresses in rock, arbitrary size and shape of the opening and progressive fail- 

ure.    Plane strain conditions and two different types of material behavior were con- 

sidered.   Rock was treated as an Isotropie elastic-plastic generalized Mohr-Coulrmb 

material in one model and as an elastic-brittle material following Griffitn theory of 

fracture in the other. 

Background 

In previous applications of the finite element method to rock mechanics, elastic- 

plastic behavior of rock has been modeled as nonlinear elastic for computational con- 

venience,   further. It was assumed that the results of a one-dimensional test could 

be generalized to three-dimensional analysis through the use of an equivalent stress- 

equivalent strain curve.   In some applications, two stress or strain parameters were 

used.   These procedures are unsatisfactory.   Assumption of Isotropie elasticity assumes 

that the principal directions of stress and strain coincide.   In plasticity this is not true. 

Also, rock behavior is characterized by a significant part of deformation being irre- 

versible.    For this reason, the mechanical behavior in unloading is different frorr that 

In loading.    For rock with preexisting joints or developing tensile cracks, a 'no tension' 
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procedure is often adopted.   In this method, a linear elastic solution is obtained and 

all tensile stress redistributed simultaneously.   Actually, as cracking progresses, 

the rock on either side of the crack is relieved of stress and a stress concentration 

develops near the crack tip.   Conventional procedures ignore these effects and the 

progressive nature of crack development, leading to erroneous conclusions regarding 

stresses around underground openings. 

\ccompltshments Under the Present Program 

The research conducted under this contract has resulted in development of 

computer programs based on more realistic simulation of material behavior.   The 

incremental theory of plasticity has been used to characterize the stress-strain be- 

havior of elastic-plastic rock.   Role of kinematic constraint of plane strain in dcvelop- 

mer.i of residual stresses in rock has been examined on the basis of Hill's theory. 

^ew techniques have been developed for study of initiation and propagation of fracture 

in rock following Griffith's theory or the modified Griffith theory.   Allowing for sequen- 

tial fracture of various elements in a system, the effect of progressive stress redis- 

tribution in the remaining system is correctly incorporated.   Arbitrary initial stress 

states, arbitrary sequence of excavation (or construction), arbitrary size and shape 

of opening, and nonhomogeneous material properties were allowed for.   The actual 

construction operations can be simulated.   The procedures developed were applied to 

several typical problems in rock mechanics as well as to some theoretical and labora- 

tory studies for the purpose of verification and illustration.   These were used to carry 

out parametric studies to examine the influence of rock properties upon the stresses 

in steel supports in a tunnel. 
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In the original proposal, model testing to verify some aspects of rock behavior 

under plane strain conditions was foreseen.   The effort under the present contract 

covered procurement of suitable plane strain test equipment and design oi suitable 

test material.   Append'x B includes a report on this effort. 

Volume 2 of the report contains description of the three computer programs 

developed under the contract along with fortran listings and instructions for input pre- 

paration.   The input definition and the listings are for the IBM 370/165 version. 

The programs are the primary content of volume 3.   These are available on 

magnetic tape from DDC-TC, U.S. Department of Commerce, Springfield, Virginia 

22151, telephone (703) 321-8517. 
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LAYOUT SHEET 

This layout sheet pertains to the tnaRnetic tape on wh:ch the three 

computer proprams developed under this research project are stored. 

The following applicable data appear on the label with the tape: 

Report No.:  OSURF-3177-73-3F 
Date of fil?:   3/31/73 
Density of file:  800 characters/inch 
Reel No.:   1 of 1 
Title:   OSURFl 
File 1:   Program NOTENS 
File 2:   Progran. ELPL 
File 3:   Program PFA 

The programs NOTENS and ELr L use scratch files 1,2 referred 

to as tapes 1,2.   In addition, all the three programs use tapes 5 and 6 as 

input/output files respectively. 

VK 

  ——  


